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REMARKS 

The Examiner has indicated that the Information Disclosure Statement filed 
December 12, 2006, failed to include a legible copy of the foreign patent document 
EP 403947. To Applicant's knowledge, a legible copy of foreign patent document 
EP 403947 was in fact filed with the application. Nevertheless, a substitute copy of 
foreign patent document EP 403947 is attached hereto, which is legible. 
Accordingly, Applicant respectfully requests that this foreign patent document now 
be made of record. 

Applicant has amended claims 10 and 12 to overcome the objections to 
claims 10 and 12 raised in paragraph 2. Accordingly, the objection to the claims 
should be withdrawn. 

The rejection of claim 16 under 35 USC 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter 
which Applicant regards as the invention, is respectfully traversed. The amendment 
of claim 1 and the amendment of claim 16 are now believed to provide sufficient 
antecedent basis for the limitation "the cathode" and "the anode". Accordingly, the 
rejection of claim 16, under 35 USC 112, should now be withdrawn. 

The rejection of claims 1-8, 16-17 and 19-20 under 35 USC 102(b) as being 
anticipated by the foreign reference Hado, et al (KR1 0-20040014273), is respectfully 
traversed. Applicant makes note of the fact that this rejection is based upon a 
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machine translation of the reference. This machine translation is considered by 
Applicant to be very poor. Nevertheless, Applicant has amended claim 1 to more 
clearly define the invention in a manner which clearly differentiates the subject 
invention from the teaching in Hado et al '273, no matter how the machine 
translation is interpreted. 

Claim 1 now specifically identifies separate gas inlets dedicated to each of the 
electrode layers with at least one of two electrode layers having at least a first 
compact zone with a third porosity, which is lower than the porosity of the electrode 
layer in which the first compact zone is located. There is no comparative teaching of 
this in Hado et al. Moreover, although Hado et al can be presumed to teach a first 
and second electrode layer, which has a first and second porosity, there is no 
teaching in Hado et al of a compact zone in at least one of the two electrode layers 
with a porosity lower than the porosity of the electrode layer in which the compact 
zone is located. 

The Examiner makes reference to Fig. 5 and to reference number (23A). 
Reference No. (23A) is shown in Fig. 3 and is referred to on page 7, lines 2-3 in the 
sentence "The gas diffusion layer of (23B) inserted between the rib (26A) and (26B) 
and electrode portion (23A) can be compressed in the meantime". This sentence is 
clearly illegible in meaning. However, from page 6 and Fig. 5 Reference No. (23A) 
represents an electrode portion separated by a part (22A), which corresponds to a 
gas diffusion layer. There is nothing in the above sentence of Hado or anywhere 
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else in the Hado application which supports the Examiner's allegation that (23A) 
corresponds to a "first compact zone" of the electrode, much less having a porosity 
lower than the porosity of the electrode layer in which the compact zone is located. 
Moreover, this sentence does not teach or suggest what porosity or density this 
zone would have relative to any other part. 

Claim 1 further requires the first compact zone to be a protuberance of the 
electrolyte layer. Nothing in the machine translations permits interpretation of the 
electrode portion (23A) as being a protuberance of the electrolyte layer. The above 
sentence from page 7 of Hado is so poorly written that it is open to any 
interpretation. Nevertheless, the Examiner has no basis to make assumptions from 
such a sentence without support. The Examiner's reference to the word 
"compressed" is being taken out of context and does not mean that this electrode 
portion is a densified material. The Examiner cannot take the liberty of reading into 
such a poor translation to make it mean whatever the Examiner chooses to make it 
mean. Where else in Hado is this interpretation supported? 

In addition to all of the above, claim 1, as amended, specifies that the first 
compact zone is a protuberance of the electrolyte layer extending into the electrode 
layer. This is not shown or taught in the Hado et al reference. Hado appears to 
teach a fuel cell comprising an electrolyte layer 1 and a solid polymer electrolyte 
membrane 21 with the electrolyte and the electrolyte membrane located between an 
anode and cathode. 
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A face of the electrolyte layer 1 appears to be in contact with an anodic layer 
with a catalytic function 2A, and with its other face in direct contact with a cathodic 
layer with a catalytic function 2B, with each of the anodic and cathodic layers being 
in direct contact with the diffusion layers 3A and 3B. It is the diffusion layers 3A and 
3B which are in contact with gas flowing through channels 5A and 5B. The bipolar 
plates 4A and 4B are separator plates which delimit channels 5A and 5B, as shown 
in Fig. 1 . Accordingly, any attempt to differentiate the porosity of the diffusion layers 
in Hado is being done to render them more permeable in the inlet zone of the gas, 
but for which each electrode is specifically dedicated. In contrast, and as indicated 
in claim 1, the first compact zone is a protuberance of the electrolyte layer extending 
into the electrode layer for forming an area of low porosity disposed adjacent the gas 
inlet dedicated to the other electrode layer, which is clearly the opposite of any 
teaching in Hado. 

For all of the above reasons, claim 1, as amended, is clearly patentable over 
the teaching of Hado under 35 USC 102, and the rejection thereof should be 
withdrawn. 

Claim 19 is an independent claim which requires a dense zone in each 
anode and cathode layer, having a thickness equal to the thickness of the 
corresponding anode and cathode layer. The gas diffusion layers 22A and 22B in 
Hado et al are not taught as having a thickness equal to the thickness of the 
corresponding anode and cathode layer, nor is this shown in Fig. 3. An Examiner is 
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not entitled to use a drawing which is not directly supported by the specification as a 
basis for extrapolation of what is not clearly taught therein. There is no teaching 
whatsoever in Fig. 3 of an anode and cathode layer comprising a dense zone. The 
word "dense" is not taught in Hado and a rejection under 35 USC 102 requires the 
cited reference to teach each limitation. A teaching of a limitation cannot be based 
on interpretation much less from a very poorly worded machine translation. 

Claim 19 requires the zone to be dense as well as to have a thickness equal 
to the thickness of the anode and cathode layer. This is clearly not taught from the 
wording of the machine translation in Hado. Moreover, the Examiner cannot rely on 
a drawing to make interpretations without direct support in the specification. In 
addition, the dense zone in claim 19 requires a cavity in which a corresponding 
protuberance of the adjacent bipolar plate can fit. The Examiner is instead, once 
again, relying on an interpretation from a drawing without support in the 
specification. The drawing in Hado by itself does not teach or suggest the claimed 
arrangement and/or relative dimensions. See MPEP 2125. Accordingly, the 
rejection of claim 19 should be withdrawn. 

Claim 20 depends from claim 19 and is believed patentable for the same 
reason. 

The rejection of claims 9-12 and claims 14-15 under 35 USC 103(a) as being 
unpatentable over Hado et al '273 as applied to claims 7 and 17 in view of the 
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additional reference Bram et al (WO03032420), is respectfully traversed. 

Claims 9-12 and 14-15 are dependent claims, all of which depend back from 
claim 1 and are believed patentable for the same reasons as given above. 

Claim 1, upon which claims 9-12 and 14-15 depend, has not been rejected 
under 35 USC 103. Even if it had the same arguments as set forth above apply to a 
rejection under 35 USC 1 03. Hado et al does not teach the arrangement taught in 
claim 1 , and does not teach or suggest the formation of an area of low porosity 
disposed adjacent the gas inlet dedicated to the "other electrode layer", i.e., the 
electrode layer to which it is not dedicated. 

The additional cited reference Bram is directed almost entirely to a seal for 
high temperature in SOFC cells and does not disclose nor suggest the 
implementation or arrangement of the electrode and electrolyte in the cell as defined 
in claim 1. 

For all of the above reasons, claims 9-12 and 14-15 are clearly patentable 
over Hado taken alone or in combination with Bram et al. New claim 21 is a 
dependent claim dependent on claim 1 , and is believed patentable for the same 
reasons as given above. 
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Reconsideration and allowance of claims 1-21 is respectfully solicited. 
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(54) Fuel cell 

(57) A fuel cell having high operation performance 
and reliability is provided by optimizing the shape and 
properties of a gas diffusion layer and the dimensions 
of a gas flow channel. The fuel cell is capable of evenly 
supplying a reaction gas to the catalyst of a catalyst lay- 
er and promptly discharging excessive water generated 
therein. The gas diffusion layer of the MEA of this fuel 
cell comprises a first section having a surface A that 



comes in direct contact with a separator plate and a sec- 
ond section having a surface B that faces the gas flow 
channel of the separator plate. The porosity of the first 
section is lower than the porosity of the second section, 
and the second section protrudes into the gas flow chan- 
nel. The gas flow channel has sufficient width and depth 
for the protrusion of the gas diffusion layer and the width 
of a rib formed by the gas flow channel is sufficiently 
narrow. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a fuel cell that uses pure hydrogen or hydrogen reformed from methanol or 
fossil fuels as a fuel or that directly uses liquid fuel such as methanol, ethanol or dimethyl ether, together with air or 
oxygen as an oxidant. The present invention particularly pertains to a fuel cell comprising a solid polymer electrolyte. 
[0002] A conventional electrode for polymer electrolyte fuel cells is composed of a catalyst layer which comes in 
contact with a polymer electrolyte membrane and a gas diffusion layer provided on the outer surface of the catalyst 

10 layer. The gas diffusion layer has three major functions. The first one is a function of diffusing a react.on gas for evenly 
supplying the reaction gas such as a fuel gas or an oxidant gas to the catalyst of the catalyst layer from a gas flow 
channel formed on the outer side of the gas diffusion layer. The second is a function of promptly discharging water 
produced by the reaction at the catalyst layer into the gas flow channel. The third is a function of conducting electrons 
required or generated by the reaction. Therefore, the gas diffusion layer must have high properties in terms of react.on 

is gas permeability, water permeability and electronic conductivity. 

[0003] Conventionally, the gas diffusion layer has a porous structure to have the gas permeability, and contains a 
water-repellent polymer, such as fluorocarbon resin, which is dispersed for suppressing water clogging (flooding), to 
have the water permeability. Also, the gas diffusion layer is conventionally made of an electron conductive material, 
such as carbon fiber, metal fiber or carbon fine powder, to have the electronic conductivity. 

20 [0004] As a material having the three functions, carbon paper is conventionally used for the gas diffusion layer. 
However, the use of carbon paper for the gas diffusion layer of a fuel cell invites flooding when the relative humidities 
of the fuel gas and the oxidant gas become 98% or higher, so that the voltage of the fuel cell is lowered, resulting in 
unstable operation. This is due to the high gas diffusibility of carbon paper which increases the proportion of an un- 
derflow of the reaction gas. The underflow of the reaction gas is a flow of the reaction gas through the gas diffusion 

25 layer under the rib formed by the gas flow channel of a separator plate, and when the proportion of the underflow is 
increased, the pressure loss of the reaction gas is reduced, thereby impairing the water permeability. Thus, if the flow 
rate of the reaction gas is increased to heighten the pressure loss of the reaction gas, stable operation becomes 
possible, but this also causes a decrease in efficiency of the fuel cell. 

[0005] On the other hand, a fuel cell using carbon fiber non-woven fabric for the gas diffusion layer is capable of 
30 stable operation even when the relative humidities of the fuel gas and the oxidant gas are 98% or higher. It is noted, 
however that the voltage of such a fuel cell is lower than that of the fuel cell using carbon paper. The fuel cell using 
carbon fiber non-woven fabric is resistant to the flooding even at high degrees of humidification of the supplied gases 
because of the following reason. Due to the clamping pressure of the assembled fuel cell stack, the carbon fiber non- 
woven fabric is compressed as a whole, so that the gas permeability of the carbon fiber non-woven fabric is lowered, 
35 resulting in a decreased proportion of the underflow and a high pressure loss. However, the lowered gas permeability 
also causes a decrease in discharge performance of the fuel cell. 

[0006] The present invention solves these problems and aims to provide an electrode for use in fuel cells which 
ensures gas diffusibility and excessive water permeability of a gas diffusion layer. 

[0007] The present invention also aims to provide a fuel cell having high discharge performance and stability partic- 
40 ularly in power generation under highly humidified conditions by reducing the proportion of an underflow while ensuring 
the porosity of the gas diffusion layer necessary for gas diffusion. 

BRIEF SUMMARY OFTHE INVENTION 

45 [0008] The present invention provides a fuel cell comprising: a polymer electrolyte membrane; an anode and a cath- 
ode sandwiching the polymer electrolyte membrane; and an anode-side separator plate and a cathode-side separator 
plate sandwiching the anode and the cathode, the anode-side separator plate having a gas flow channel for supplying 
a fuel gas to the anode, the cathode-side separator plate having a gas flow channel for supplying an oxidant gas to 
the cathode wherein each of the anode and the cathode comprises a catalyst layer and a gas diffusion layer, the gas 

so diffusion layer comprises a first section having a surface A that comes in direct contact with the anode-s.de or cathode- 
side separator plate and a second section having a surface B that faces the gas flow channel of the anode-side or 
cathode-side separator plate, the porosity of the first section is lower than the porosity of the second sect.on, and the 
second section protrudes into the gas flow channel. 

[0009] In the fuel cell of the present invention, while the porosity of the second section (the portion of the gas diffusion 
55 layerthat faces the gas flow channel) is ensured, the porosity of the first section (the portion of the gas diffusion layer 
that comes in contact with the rib formed by the gas flow channel) is lowered by compressing the first sect.on. Accord- 
ingly, the gas diffusibility of the compressed first section is lowered, so that the proportion of the underflow .s reduced. 
This m- -es it possible to provide a fuel cell having excellent cell performance and stability. 
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[0010] Further due to the compression, the gas diffusion layer partially becomes swollen toward the gas flow channel, 
and the second section protrudes into the gas flow channel. Such shape of the second section increases the contact 
area of the gas diffusion layer and the reaction gas flowing through the gas flow channel. Therefore, the reaction gas 
can easily enter the gas diffusion layer, leading to an improvement of the gas diffusibility. This makes it possible to 
s provide a fuel cell having excellent cell performance. 

[0011] While the novel features of the invention are set forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction with the drawings. 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
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FIG. 
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FIG. 
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FIG, 


[0018] 


FIG. 


[0019] 


FIG. 



[0020] FIG. 9 shows changes with time in voltages of cell stacks of Comparative Examples dunng a continuous 
power generation test. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021 ] In the fuel cell of the present invention, the gas diffusion layer of the electrode comprises a first section having 
a surface A that comes in direct contact with the separator plate and a second section having a surface B that faces 
the gas flow channel of the separator plate, the porosity of the first section is lower than the porosity of the second 
section , and the second section protrudes into the gas flow channel. This makes it possible to lowerthe gas permeab.lrty 

30 of the first section of the gas diffusion layer while retaining the porosity of the second section. 

[0022] In the following, the porosity of the gas diffusion layer will be more specifically described. 
[0023] With respect to the porosity of the first section, if it is almost 0%, the underflow can be eliminated. In this case, 
however the electrode reaction does not occur at the first section due to the lack of the reaction gas. Since the surface 
A constitutes a large proportion of the total area of the electrode surface, the power generating performance of the fuel 

35 cell is significantly impaired. On the other hand, as the porosity of the first section becomes closerto that of the second 
section, the proportion of the underflow increases, so that the flow rate of the reaction gas flowing through the gas flow 
channel is decreased, resulting in deterioration of flooding-resistant performance. 

[0024] The inventors of the present invention have conducted various experiments on the porosity of the gas diffusion 
layer and found that the fuel cell is capable of stable and highly efficient operation when the ratio of the porosity "a" of 
40 the first section to the porosity "b" of the second section (a/b ratio) is in a range of 0.20 to 0.85, as descnbed in the 
following examples. The a/b ratio is more preferably 0.4 to 0.5. 

[0025] • When the cross-sectional shape of the second section of the gas diffusion layer protruding into the gas flow 
channel of the separator plate is arc-shaped, the contact area of the gas diffusion layer and the reaction gas flowing 
through the gas flow channel can be increased. This produces the effect of facilitating the dfffusion of the reaction gas 

45 into the gas diffusion layer. Too little protrusion of the gas diffusion layer into the gas flow channel produces no effect, 
whereas too much protrusion causes a decrease in the cross-sectional area of the gas flow channel. When the gas 
diffusion layer protrudes into the gas flow channel by 0.1 0 to 0.25 mm, good gas diffusion can be obtained. 
[0026] In the case where the gas diffusion layer protrudes into the gas flow channel, if the cross-sectional area of 
the gas flow channel is extremely small, the pressure loss of the reaction gas increases sharply, thereby posing a 

so problem regarding the strength of the materials constituting the fuel cell. On the other hand, this decreases the pro- 
portion of the underflow, so that the electrode reaction is hindered under the rib of the separator plate, resulting in a 
decrease in cell performance. From these points, in the case where the gas diffusion layer protrudes into the gas flow 
channel, the gas flow channel needs to have a cross-sectional area larger than a certain level, and the width of the rib 
is desirably narrower. 

55 [0027] In view of the above, it is preferable that the gas flow channel of the separator plate have a width of 1 .0 to 
2 0 mm and a depth of 1 .0 to 2.0 mm and that the rib formed by the gas flow channel have a width of 0.5 to 1 .0 mnr 
Such dimensions of the gas flow channel can eliminate the adverse effects of the change in crass-sectional area of 
the gas flow channel and the decrease in reaction area under the rib caused by the protrusion of the gas diffusion layer 
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into the gas flow channel. 

[0028] In the following, embodiments of the present invention will be described. 

[0029] FIG. 1 illustrates the structure of the main part of a conventional polymer electrolyte fuel cell. A polymer 
electrolyte membrane 1 is sandwiched by catalyst layers 2A and 2B, and gas diffusion layers 3A and 3B are provided 
5 on the outer surfaces of the catalyst layers 2A and 2B, respectively. The resultant assembly is sandwiched by separator 
plates 4A and 4B having gas flow channels 5A and 5B, respectively. 6A and 6B are ribs formed between the gas flow 
channels. 

[0030] The electrode reaction takes place at the catalyst surfaces of the catalyst layers 2A and 2B. For example, an 
anode reaction gas is supplied to the catalyst layer 2A though the gas diffusion layer 3Afrom the gas flow channel 5A 
io of the separator plate 4A, while a cathode reaction gas is supplied to the catalyst layer 2B though the gas diffusion 
layer 3B from the. gas flow channel 5B of the separator plate 4B. The reaction represented by formula (1 ) takes place 
.. atthe..afiod^^Jalyst layer 2A, while the reaction represented by formula (2) takes place at the cathode catalyst layer 
2&:-A6iTnula (3) represents the total reaction. 

15 H 2 ->2H 4 +2e" (1) 

1/20 2 + 2H + + 2e" H 2 0 (2) 

20 

H 2 + 1/20 2 ->H 2 0 + Q (3) 



This reaction produces electromotive force, whereby electric power is generated. Simultaneously, water is generated 
25 at the cathode catalyst layer 2B. In the electromotive reaction, H + ions generated at the anode catalyst layer 2A diffuse 
through the polymer electrolyte membrane 1 to the cathode catalyst layer 2B. 

[0031] During the diffusion of the H + ions through the membrane, one H + ion is accompanied by 5 to 20 H 2 0 mole- 
cules, and hence water is also transferred with the ions diffusing through the membrane. Since the polymer elec- 
trolyte membrane is capable of exhibiting high H + ion conductivity only in the presence of sufficient water, it is necessary 

30 to constantly supply water to the membrane to avoid shortage of water. 

[0032] Water is supplied in the form of steam to the polymer electrolyte membrane through the gas flow channels 
5A and 5B and the gas diffusion layers 3A and 3B from inlet-side manifold apertures, for the reaction gases, of the 
separator plates. Of the water produced in the cathode catalyst layer, excessive water that is not necessary for the 
polymer electrolyte membrane is discharged from outlet-side manifold apertures through the gas diffusion layers 3A 

35 and 3B and the gas flow channels 5A and 5B of the separator plates. 

[0033] As described above, it is important for the fuel cell to ensure the excessive-water discharging capability of 
the gas diffusion layers 3A and 3B as well as the gas diffusibility, and it is also necessary, in terms of the long-term 
reliability, to design the fuel cell such that the excessive water can be promptly discharged. The excessive water is 
pushed out or transferred through the gas flow channels 5A and 5B and the gas diffusion layers 3A and 3B by the 

40 reaction gases. Thus, the pressure losses of the reaction gases need to be maintained at high level in order to enhance 
the excessive-water discharging capability. However, when the gas diffusion layers have high gas permeability at their 
portions contacting the ribs 6A and 6B between the gas flow channels, the proportion of the underflow, which is a flow 
of the gas passing under the ribs, increases as illustrated in FIG. 2, causing a decrease in pressure toss of the reaction 
gas. 

45 [0034] FIG. 2 is a front view of an anode-side separator plate 14. An anode is located at a section surrounded by a 
dash-dotted line 13. A fuel gas supplied from a fuel gas inlet-side manifold aperture 10a passes through a gas flow 
channel 15, which connects the manifold aperture 10a to an outlet-side manifold aperture 10b and is discharged from 
the manifold aperture 10b. Arrows 16 of this figure show the flow of the gas passing through the gas flow channel 15, 
while arrows 1 7 show the underflow through the gas diffusion layer of the electrode under the rib of the separator plate. 

50 In FIG. 2, the gas flow channel is comprised of one groove, but it may be comprised of a plurality of parallel grooves. 
1 1a and 11 b are an inlet-side manifold aperture and an outlet-side manifold aperture, respectively, for an oxidant gas, 
and 12a and 1 2b are an inlet-side manifold aperture and an outlet-side manifold aperture, respectively, for cooling water. 
[0035] According to the present invention, the portion of the gas diffusion layer contacting the rib formed between 
the gas flow channels of the separator plate is compressed to lower the gas diffusibility and reduce the proportion of 

55 the underflow of the reaction gas, and at the same time, the portion of the gas diffusion layer facing the gas flow channel 
is allowed to protrude into the gas flow channel to maintain the porosity thereof at high level and avoid the deterioration 
of the gas diffusibility. In this way, the excessive water in the electrode can be discharged. Accordingly, it is possible 
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to provide a fuel cell having high operation characteristics and reliability which is free from water clogging, flooding, 
and deterioration of gas diffusibility of the electrode. As described above, the use of the gas diffusion layer of the 
present invention makes it possible to provide a fuel ceil having high operation characteristics and reliability. 
[0036] It is noted that the porosity of a gas diffusion layer as used herein refers to the ratio of the total pore volume 
5 of the uncompressed gas diffusion layer which is measured using a nitrogen gas by a surface area and porosimetry 
analyzer (TriStar 3000 manufactured by Shimadzu Corporation) to the apparent volume of the gas diffusion layer. The 
porosity of the compressed gas diffusion layer is calculated from the change in thickness before and after the com- 
pression on the assumption that the true volume of the gas diffusion layer is constant. 

[0037] In the following, embodiments of the present invention will be specifically described with reference to drawings. 
10 The structural drawings used are intended merely to facilitate understanding and are therefore not necessarily accurate 
in terms of relative size and positional relation of the respective elements. 

EMBODIMENT 1 

15 [0038] FIG. 3 is a sectional view of the main part of a unit cell in this embodiment. 24A represents an anode-side 
separator plate having a gas flow channel 25A on its anode-facing side. Likewise, 24B represents a cathode-side 
separator plate having a gas flow channel 25B on its cathode-facing side. The gas flow channels 25A and 25B of these 
separator plates 24A and 24B are disposed at opposing positions except for an unavoidable portion. Ribs 26A and 
26B are formed between the gas flow channels 25A and between the gas flow channels 25B, respectively. 

20 [0039] A membrane electrode assembly (M EA) sandwiched between these two separator plates comprises a po lymer 
electrolyte membrane 21 and a pair of electrodes, i.e. : an anode and a cathode, sandwiching the polymer electrolyte 
membrane. Each of the electrodes comprises a catalyst layer which comes in contact with the polymer electrolyte 
membrane and a gas diffusion layer provided on the outer surface of the catalyst layer. In FIGs. 3 to 7, the electrode 
is illustrated as one layer. Of the electrode comprising the catalyst layer and the gas diffusion layer, only the gas diffusion 

25 layer is mainly compressed or swollen. 

[0040] By appropriately setting the width and depth of the gas flow channel of the separator plate and the width of 
the rib between the gas flow channels and by adjusting the clamping pressure of the cell, electrode portions 22A and 
22B of the gas diffusion layers facing the gas flow channels can be allowed to protrude into the gas flow channels 25A 
and 25B, and at the same time, electrode portions 23A and 23B of the gas diffusion layers sandwiched by the ribs 26A 

30 and 26B can be compressed. 

[0041] According to this structure, the portion of the gas diffusion layer facing the gas flow channel can retain good 
gas diffusibility and water permeability, and moreover, the underflow of the gas can be reduced. 

EMBODIMENT 2 

35 

[0042] FIG. 4 is a sectional view of the main part of a gas diffusion layer in this embodiment, and FIG. 5 is a sectional 
view of a unit cell comprising the gas diffusion layer. 

[0043] Carbon fiber non-woven fabric serving as a gas diffusion layer is pressed in advance by a corresponding 
separator plate to form an uncompressed portion 31 having a shape corresponding to that of the gas flow channel and 

40 a compressed portion 32. A recess 33 is formed on the surface of the compressed portion 32. An MEA incorporating 
such gas diffusion layers is sandwiched by a pair of separator plates to assemble a unit cell such that the ribs of the 
separator plates are fitted into the recesses 33 of the compressed portions 32 of the gas diffusion layers. 
[0044] FIG. 5 illustrates such a unit cell. A polymer electrolyte membrane 41 is sandwiched by a pair of electrodes, 
i.e., an anode and a cathode. Each of the electrodes has a catalyst layer on the side opposite to the surface having 

45 the recess 33 of the gas diffusion layer. On the anode side, a compressed portion 43A of the gas diffusion layer is in 
contact with a rib 46A of a separator plate 44A, and an uncompressed portion 42A of the gas diffusion layer protrudes 
into a gas flow channel 45A. Likewise, on the cathode side, a compressed portion 43B of the gas diffusion layer is in 
contact with a rib 46B of a separator plate 44B, and an uncompressed portion 42B of the gas diffusion layer protrudes 
into a gas flow channel 45B. 

so [0045] In the foregoing embodiments, a unit cell comprising an MEA sandwiched by an anode-side separator plate 
and a cathode-side separator plate has been described, but a cell stack of a plurality of unit cells is normally used in 
a fuel cell. In such a cell stack, a separator plate having a fuel gas flow channel on one side and an oxidant gas flow 
channel on the other side, which serves both as an anode-side separator plate and a cathode-side separator plate, is 
inserted between the MEAs. Also, a cooling section is provided every one to three cells of the cell stack. The cooling 

55 section was formed by a composite separator plate consisting of an anode-side separator plate and a cathode-side 
separator plate each having a cooling water flow channel on the backside, the separator plates being joined together 
such that their cooling water flow channels faced each other. 
[0046] In the following, examples of the present invention will be described. 
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EXAMPLE 1 



[0047] First a method of producing an electrode having a catalyst layer will be explained. 

[0048] An electrode catalyst was prepared by placing 25% by weight of platinum particles having an average particle 

s size of approximately 30 A on an acetylene black powder. A dispersion of this catalyst powder in .sopropanol was 
mixed with a dispersion of perfluorocarbon sulfonic acid powder in ethyl alcohol to form a catalyst paste. 
[0049] Meanwhile, carbon fiber non-woven fabric having an external size of 16 cm X 16 cm, a thickness of 0.36 mm, 
and a porosity of 74% (TGP-H-120 manufactured by Toray Industries, Inc.) was impregnated with an aqueous disper- 
sion of fluorocarbon resin (NEOFLON ND1 manufactured by Daikin Industries, Ltd.), dried, and heated at 400 C for 

w 30 minutes in order to make it water-repellent. This serves as a gas diffusion layer. The catalyst paste was applied by 
screen printing onto one side of the carbonfiber nonwoven fabric to form a catalyst layer. The catalyst layer was partially 
embedded in the carbon fiber non-woven fabric. In this way, a pair of electrodes each comprising the catalyst layer 
and the carbon fiber non-woven fabric were prepared. In each of the electrodes, the content of plat.num was 0.5 mg/ 
cm 2 and the content of perfluorocarbon sulfonic acid was 1 .2 rng/cm 2 . 

is [0050] Subsequently, the pair of electrodes were bonded by hot pressing to the opposite sides of a proton conductrve 
polymer electrolyte membrane having an external size of 20 cm x 20 cm such that the catalyst layers were brought 
in contact with the electrolyte membrane, to fabricate a membrane electrode assembly (MEA). The proton conductive 
polymer electrolyte membrane was a thin film of perfluorocarbon sulfonic acid having a thickness of 50 urn. The MEA 
produced in the above manner was named MEA-1 . 

20 [0051] Next, a conductive separator plate will be described. 

[0052] First,' an artificial graphite powder having an average particle size of approximately 1 0 urn (50 parts by weight), 
fibrous graphite having an average diameter of 50 p.m and an average length of 0.5 mm (30 parts by weight), and a 
thermosetting phenol resin (20 parts by weight) were mixed and kneaded with each other by an extrusion kneading 
machine. The mixture was charged into a die having a pattern for forming a gas flow channel, a cooling water flow 

25 channel and manifold apertures and was hot pressed. The hot pressing was performed at a die temperature of 1 50 C 
and a pressure of 100kgf/cm 2 for 10 minutes. The separator plate obtained had an external size of 20 cm x 20 cm 
and a thickness of 3.0 mm, and the gas flow channel and the cooling water flow channel had a width of 1 .0 mm and a 
depth of 1 0 mm The rib formed between the flow channels had a width of 1 .0 mm. 

[0053]. The MEA-1 sheet was sandwiched by an anode-side separator plate and a cathode-s.de separator plate 
30 produced in the above manner, to assemble a unit cell. A cell stack comprising these unit cells was clamped in a 
manner which will be described below. In this example, the cell stack was clamped such that the portion of the carbon 
fiber non-woven fabric (gas diffusion layer) contacting the rib of the separator plate had a thickness of 0.11 mm. Then 
the porosity of the compressed portion of the carbon fiber non-woven fabric was 1 4.9%, and the ratio of the compressed 
portion to the uncompressed portion was 0.2. In this way, a unit cell as illustrated in FIG. 3 was produced. The carbon 
35 fiber non-woven fabric of the electrode protruded into the gas flow channel, at maximum, by 0.25 mm. 

EXAMPLE 2 

[0054] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
40 separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm, and a rib width of 0.5 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.11 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 14.9%, and the ratio of the compressed 
45 portion to the uncompressed portion was 0.2. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel, at maximum, by 0.25 mm, and had a cross-sectional shape similar to that of FIG. 3. 

EXAMPLE 3 

so [0055] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 1.0 mm, a depth of 1.0 mm, and a rib width of 1.0 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.25 mm. Then, the 

55 porosity of the compressed portion of the carbon fiber non-woven fabric was 62.6%, and the ratio of the compressed 
portion to the uncompressed portion was 0.85. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel, at maximum, by 0.11 mm, and had a cross-sectional shape similar to that of FIG. 3. 
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EXAMPLE 4 

[0056] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 

5 cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 0.5 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carton fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.25 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 62.6%, and the ratio of the compressed 
portion to the uncompressed portion was 0.85. Due to the clamping, the carbon fiber non-woven fabric protruded into 

10 the gas flow channel, at maximum, by 0.11 mm, and had a cross-sectional shape similar to that of FIG. 3. 

EXAMPLE 5 

[0057] An MEA was produced in the same manner as in Example 1 , except for the use of carbon fiber non-woven 
is fabric (TGP-H-120 produced by Toray Industries, Inc.) having an external size of 16 cm X 16 cm : a thickness of 0.36 
mm, and a porosity of 90%. This MEA was named MEA-2. 

[0058] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm, and a rib width of 0.5 mm. The MEA-2 sheet 
20 was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.11 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 67.3%, and the ratio of the compressed 
portion to the uncompressed portion was 0.75. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel, at maximum, by 0.25 mm, and had a cross-sectional shape similar to that of FIG. 3. 

25 

EXAMPLE 6 

[0059] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 

30 cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. 

[0060] Next, a method of producing an electrode comprising a catalyst layer will be explained. First, 25% by weight 
of platinum particles having an average particle size of approximately 30 A were placed on an acetylene black powder. 
A dispersion of this catalyst powder in isopropanol was mixed with a dispersion of perfluorocarbon sulfonic acid powder 
in ethyl alcohol to form a catalyst paste. 

35 [0061] Meanwhile, as the base material of a gas diffusion layer, polyacrylonitrile fibers having a diameter of approx- 
imately 1 0 \ar\ and a length of approximately 5 mm were dispersed in water and were made into a sheet. Subsequently, 
the sheet was impregnated with a phenol resin solution diluted to a concentration of 40% by weight with ethanol, and 
was dried at approximately 1 00°C for 1 0 minutes to cure the resin. This sheet was heated under a nitrogen atmosphere 
at 2000°C for 24 hours for graphitization, which produced a carbon paper having a thickness of 0.2 mm and a porosity 

40 of 80%. 

Thereafter, the carbon paper was immersed in a diluted solution which was a mixture of an aqueous dispersion of a 
water repellent (NEOFLON ND1 manufactured by Daikin Industries, Ltd.) and water in a weight ratio of 1 :1 0, and was 
then dried at approximately 60°C for 1 hour. Further, an aqueous dispersion of acetylene black and polytetrafiuoroeth- 
ylene (PTFE) in a weight ratio of 3:1 was prepared, and the aqueous dispersion was applied onto the carbon paper 
45 prepared in the above manner with a doctor blade to form a water repellent layer. This was dried at approximately 
60°C for 1 hour and baked at approximately 380 P C for 15 minutes. The carbon paper was cut such that its external 
size became 16 cm x 16 cm. 

[0062] The separator plate was placed on the carbon paper such that the carbon paper came in contact with the gas 
flow channel of the separator plate. Then, by the application of a pressure of 100 kgf/cm 2 per contact area of the 

50 separator plate and the carbon paper, the portion of the carbon paper contacting the rib of the separator plate was 
compressed to form the recess 33 having a depth of 0.1 mm as illustrated in FIG. 4. Then, the porosity of the compressed 
portion of the carbon paper was 60.0%, and the ratio of the compressed portion to the uncompressed portion was 0.75. 
The catalyst paste was applied by screen printing onto the other side of the carbon paper, i.e., on the surface having 
the water repellent layer, to form a catalyst layer. Then, the catalyst layer was partially embedded in the carbon paper. 

55 In this way, a pair of electrodes each comprising the catalyst layer and the carbon paper were prepared. In each of the 
electrodes, the content of platinum was 0.5 mg/cm 2 , and the content of perfluorocarbon sulfonic acid was 1 .2 mg/cm 2 . 
[0063] Thereafter, the pair of electrodes were bonded by hot pressing to the opposite sides of a proton conductive 
polymer electrolyte membrane having an external size of 20 cm X 20 cm such that the catalyst layers were brought in 
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45 



contact with the electrolyte membrane, to fabricate a membrane electrode assembly (MEA). The same polymer elec- 
trolyte membrane as that of Example 1 was used. This MEA was named MEA-3. 

[0064] The MEA-3 sheet was sandwiched by the above-mentioned two separator plates such that the compressed 
portions of the gas diffusion layers of the MEA aligned with the ribs of the separator plates, to assemble a unit cell as 
illustrated in FIG. 5. The clamping pressure was 15 kgf/cm 2 per unit area. 



EXAMPLE 7 



[0065] Using the same materials and procedure as those of Example 6, a carbon paper having a recess of 0.05 mm 
w in depth was prepared. The porosity of the compressed portion of the carbon paper was 20.0% and the ratio of the 
compressed portion to the uncompressed portion was 0.25. Using the same materials and procedure as those of 
Example 6 except for the use of this carbon paper, an MEA was produced. This MEA was named MEA-4. 
[0066] In the same manner as in Example 1 , a separator plate having the following dimensions was produced The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
is cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm. and a rib width of 1 .0 mm. The MEA-4 sheet 
was sandwiched by the above-mentioned two separator plates such that the compressed portions of the gas diffusion 
layers of the MEA aligned wlththe ribs of the separator plates, to assemble a unit cell as illustrated in FIG. 5. The 
clamping pressure was 15 kgf/cm 2 per unit area. 



20 EXAMPLE 8 



[0067] Using the same procedure as that of Example 6 except forthe use of polyacrylonitrile fibers having a diameter 
of 1 5 urn as the base material of the carbon paper, a carbon paper having a recess of 0.1 0 mm in depth was prepared. 
The carbon paper had a porosity of 70% before the compression. Afterthe compression, the porosity of the compressed 
25 portion of the carbon paper was 40.0% and the ratio of the compressed portion to the uncompressed portion was 0.57. 
Using the same materials and procedure as those of Example 6 except for the use of this carbon paper, an MEA was 
produced. This MEA was named MEA-5. 

[0068] In the same manner as in Example 1 , a separator plate having the following dimensions was produce* The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
so cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. The MEA-5 sheet 
was sandwiched by the above-mentioned two separator plates such that the compressed portions of the gas diffusion 
layers of the MEA aligned with the ribs of the separator plates, to assemble a unit cell as illustrated in FIG. 5. The 
clamping pressure was 15 kgf/cm 2 per unit area. 

35 COMPARATIVE EXAMPLE 1 

[0069] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm, and a rib width of 0.5 mm. The MEA-1 sheet 
40 was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.10 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 6.4%, and the ratio of the compressed 
portion to the uncompressed portion was 0.09. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel, at maximum, by 0.26 mm, and had a cross-sectional shape similar to that of FIG. 3. 



COMPARATIVE EXAMPLE 2 



[0070] In the same manner as in Example 1 , a separator plate having the following dimensions was produced /The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 

so cooling water flow channel had a width of 0.5 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.11 mm. Then, since 
the width of the gas flow channel was narrow, the carbon fiber non-woven fabric was compressed as a whole, protruding 
only a little into the gas flow channel by not more than 0.05 mm, as illustrated in FIG. 7. Thus, the total porosity was 

55 approximately 15%. 
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COMPARATIVE EXAMPLE 3 



10 



[0071] In the same manner as in Example 1 , a separator plate having the following dimensions was produced The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 1.0 mm, a depth of 0.5 mm, and a rib width of 1.0 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.25 mm. Due to the 
clamping, the carbon fiber non-woven fabric protruded into the gas flow channel by 0.11 mm, and had a cross-sectional 
shape similar to that of FIG. 3. 



COMPARATIVE EXAMPLE 4 



[0072] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 

is cooling water flow channel had a width of 1.0 mm, a depth of 1.0 mm, and a rib width of 2.0 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.11 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 14.9%, and the ratio of the compressed 
portion to the uncompressed portion was 0.20. Due to the clamping, the carbon fiber non-woven fabnc protruded into 

20 the gas flow channel by 0.25 mm, and had a cross-sectional shape similar to that of FIG. 3. 

COMPARATIVE EXAMPLE 5 

[0073] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
25 separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 1 .0 mm, a depth of 1.0 mm, and a rib width of 0.3 mm. The MEA-1 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.25 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 62.6%. and the ratio of the compressed 
30 portion to the uncompressed portion was 0.85. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel by 0.11 mm, and had a cross-sectional shape similar to that of FIG. 3. 

COMPARATIVE EXAM PLE 6 

35 [0074] In the samemanner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm, and a rib width of 0.5 mm. The MEA-2 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.08 mm. Then, the 

40 porosity of the compressed portion of the carbon fiber non-woven fabric was 55.0%, and the ratio of the compressed 
portion to the uncompressed portion was 0.61 . Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel by 0.28 mm, and had a cross-sectional shape similar to that of FIG. 3. 

COMPARATIVE EXAMPLE 7 

[0075] In the same manner as in Example 1 , a separator plate having the following dimensions was produced /The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm, and a rib width of 0.5 mm. The MEA-2 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
so of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.25 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 85.6%. and the ratio of the compressed 
portion to the uncompressed portion was 0.95. Due to the clamping, the carbon fiber non-woven fabnc protruded into 
the gas flow channel by 0.25 mm, and had a cross-sectional shape similar to that of FIG. 3. 

55 COMPARATIVE EXAMPLE 8 

[0076] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm. and the gas ftow channel and the 
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. 5 



cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm. and a rib width of 0.5 mm. The MEA-2 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.27 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 86.7%, and the ratio of the compressed 
portion to the uncompressed portion was 0.96. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel by 0.09 mm, and had a cross-sectional shape similar to that of FIG. 3. 



COMPARATIVE EXAMPLE 9 

10 [0077] An MEA was produced in the same manner as in Example 1 , except for the use of carbon fiber non-woven 
fabric (TGP-H-120 produced by Toray Industries, Inc.) having an external size of 16 cm X 16 cm : a thickness of 0.36 
mm, and a porosity of 65%. This MEA was named MEA-6. 

[0078] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 

is cooling water flow channel had a width of 2.0 mm, a depth of 2.0 mm, and a rib width of 0.5 mm. The MEA-6 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.11 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 0.0%, and the ratio of the compressed 
portion to the uncompressed portion was 0.0. Due to the clamping, the carbon fiber non-woven fabric protruded into 

20 the gas flow channel, at maximum, by 0.25 mm, and had a cross-sectional shape similar to that of FIG. 3. 

COMPARATIVE EXAMPLE 10 

[0079] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
25 separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. The MEA-6 sheet 
was sandwiched by the above-mentioned two separator plates, and the resultant was clamped such that the portion 
of the carbon fiber non-woven fabric contacting the rib of the separator plate had a thickness of 0.30 mm. Then, the 
porosity of the compressed portion of the carbon fiber non-woven fabric was 5B.0%. and the ratio of the compressed 
30 portion to the uncompressed portion was 0.89. Due to the clamping, the carbon fiber non-woven fabric protruded into 
the gas flow channel, at maximum, by 0.06 mm, and had a cross-sectional shape similar to that of FIG. 7. 

COMPARATIVE EXAMPLE 11 

35 [0080] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. 
[0081 ] As the base material of the gas diffusion layer, the carbon paper of Example 6 having the porosity of 80% 
was used. In the same manner as in Example 6. a water-repellent layer was formed on this carbon paper. The carbon 

40 paper was cut into an external size of 1 6 cm X 1 6 cm, and the same catalyst paste as that of Example 1 was applied 
onto the side of the carbon paper having the water-repellent layer to form a catalyst layer. The catalyst layer was 
partially embedded into the carbon paper. In the same manner as in Example 1 except for the use of the electrodes 
thus produced, an MEA was produced. This MEA was named MEA-7. 

[0082] The MEA-7 sheet was sandwiched by the above-mentioned two separator plates, to assemble a unit cell as 
45 illustrated in FIG. 6. In FIG. 6, 51 represents a polymer electrolyte membrane. Of an anode 52A and a cathode 52B 
sandwiching the polymer electrolyte membrane, the portions of the gas diffusion layers facing gas flow channels 54A 
and 54B of separator plates 53A and 53B have almost the same shape and properties as the other portions of the gas 
diffusion layers. 

so COMPARATIVE EXAMPLE 12 

[0083] Using the same materials and procedure as those of Example 6, a carbon paper having a recess of 0.1 5 mm 
in depth was prepared. The porosity of the compressed portion of the carbon paper was 73.3% and the ratio of the 
compressed portion to the uncompressed portion was 0.92. Using the same materials and procedure as those of 
55 Example 6 except for the use of this carbon paper, an MEA was produced. This MEA was named MEA-8. 

[0084] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm X 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
cooling water flow channel had a width of 1 .0 mm, a depth of 1.0 mm, and a rib width of 1.0 mm. The MEA-8 sheet 
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was sandwiched by the above-mentioned two separator plates such that the compressed portions of the gas diffusion 
layers of the MEA aligned with the ribs of the separator plates, to assemble a unit cell as illustrated in FIG. 5. The 
clamping pressure was 15 kgf/cm 2 per unit area. 

5 COMPARATIVE EXAMPLE 13 

[0085] Using the same procedure as that of Example 6 exceptforthe use of polyacrylonitrile fibers having a diameter 
of 15 u,m as the base material of the carbon paper, a carbon paper having a recess of 0.15 mm in depth was prepared. 
The carbon paper had a porosity of 70% before the compression. Afterthe compression, the porosity of the compressed 
10 portion of the carbon paper was 0.0% and the ratio of the compressed portion to the uncompressed portion was 0.0. 
Using the same materials and procedure as those of Example 6 except for the use of this carbon paper, an MEA was 
produced. This MEA was named MEA-9. 

[0086] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm/and the gas flow channel and the 
is cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. The MEA-9 sheet 
was sandwiched by the above-mentioned two separator plates such that the compressed portions of the gas diffusion 
layers of the MEA aligned with the ribs of the separator plates, to assemble a unit cell as illustrated in FIG. 5. The 
clamping pressure was 15 kgf/cm 2 per unit area. 

20 COMPARATIVE EXAMPLE 1 4 

[0087] Using the same procedure as that of Example 6 exceptforthe use of polyacrylonitrile fibers having a diameter 
of 1 5 urn as the base material of the carbon paper, a carbon paper having a recess of 0.05 mm in depth was prepared. 
The carbon paper had a porosity of 70% before the compression. Afterthe compression, the porosity of the compressed 
25 portion of the carbon paper was 60.0% and the ratio of the compressed portion to the uncompressed portion was 0.86 . 
Using the same materials and procedure as those of Example 6 except for the use of this carbon paper, an MEA was 
produced. This MEA was named MEA-10. 

[0088] In the same manner as in Example 1 , a separator plate having the following dimensions was produced. The 
separator plate had an external size of 20 cm x 20 cm and a thickness of 3.0 mm, and the gas flow channel and the 
30 cooling water flow channel had a width of 1 .0 mm, a depth of 1 .0 mm, and a rib width of 1 .0 mm. The MEA-10 sheet 
was sandwiched by the above-mentioned two separator plates such that the compressed portions of the gas diffusion 
layers of the MEA aligned with the ribs of the separator plates, to assemble a unit cell as illustrated in FIG. 5. The 
clamping pressure was 15 kgf/cm 2 per unit area. 

[0089] Of each of the unit cells produced in Examples 1 to 8 and Comparative Examples 1 to 14, 1 00 unit cells were 

35 stacked to form a cell stack. A stainless steel current collector plate and an electrically insulating plate were joined to 
each end of the cell stack, and the resultant stack was sandwiched by end plates and was secured by clamping rods. 
In Examples 1 to 5 and Comparative Examples 1 to 10, the cell stack was clamped at a pressure which allowed the 
carbon fiber non-woven fabric to have the predetermined thickness. In Examples 6 to 8 and Comparative Examples 
1 1 to 1 4, the cell stack was clamped at a pressure of 1 5 kgf/cm 2 per area of the separator plate. A cooling section was 

40 provided every two cells of the cell stack. The cooling section was formed by a composite separator plate consisting 
of a separator plate having a cooling water flow channel on one side and a fuel gas flow channel on the other side and 
a separator plate having a cooling water flow channel on one side and an oxidant gas flow channel on the other side, 
these two separator plates being joined together such that their cooling water flow channels faced each other. The 
separator plate inserted between the MEAs was, except the separator plate as the cooling section, a separator plate 

45 having a fuel gas flow channel on one side and an oxidant gas on the other side. 

[0090] Each of the polymer electrolyte fuel cells produced in the above manner was retained at 75°C, while a hy- 
drogen gas humidified and heated to have a dew point of 75°C and air humidified and heated to have a dew point of 
75°C were supplied to the anode and the cathode, respectively. As a result, all of the fuel cells exhibited an open-circuit 
voltage of 95 to 96 V at the time of no load when current was not output to outside. Each of these fuel cells was 

50 subjected to a continuous power generation test under the conditions of a fuel utilization of 85%, oxygen utilization of 
50%, and current density of 0.7 A/cm 2 to measure changes in output characteristics with passage of time. 
[0091] Table 1 shows average values of discharge characteristics, as hydrogen-air fuel cells, of the cell stacks of 
Examples 1 to 8 and Comparative Examples 1 to 1 4. FIGs. 8 and 9 show changes in voltage of some of the cell stacks 
with passage of time during the continuous power generation test. These cell stacks of FIGs. 8 and 9 were those which 

55 exhibited characteristic voltage behaviors. 
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[0092] As is apparent from Table 1 , it was confirmed that the cells of Examples 1 to 8 maintained a voltage of ap- 
proximately 62 V over more than 8000 hours. The cells of Comparative Examples 1 and 6 caused a sharp voltage drop 
at an early stage. When a comparison was made of the pressure loss of the cathode side reaction gas at the time of 
no load, the pressure losses of Comparative Examples 1 and 6 were about three times that of Comparative Example 
2. At such high pressure losses, It is beyond the capacity of the testing unit to supply the reaction gas at a flow rate 
necessary for the operation at the oxygen utilization of 50%. Therefore, the shortage of the reaction gas is the cause 
of the inability to operate. 

[0093] The cells of Comparative Examples 2, 3, 7, 8, 1 0, 11 , 12 and 1 4 retained an output of approximately 1 2.8 kW 
(57 V - 224 A) for the first one to three hours of the continuous operation. However, thereafter, the cell voltage started 
to fluctuate, and the flooding phenomenon was observed due to overwetting of the cell. When a comparison was made 
of the pressure losses of the anode side reaction gas and the cathode side reaction gas among the cells of these 
Comparative Examples and Example 4, the pressure losses of these Comparative Examples were lower by 30%. This 
decrease in pressure loss is the cause of the flooding phenomenon, and the cause of the decrease In pressure loss 
is an increase in the underflow. 

[0094] The cells of Comparative Examples 4, 9 and 13 were observed to operate stably, but the voltages of the cell 
stacks were lower than those of Examples 1 to 8 by 5 to 8 V. In Comparative Examples 9 and 13, the portion of the 
gas diffusion layer contacting the rib of the separator plate was compressed to a porosity of almost 0%, and hence 
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there was no underflow. Thus, at the cata^st layer underthe rib, the shortage of the supplied reaction jpipn^ 
reaction polarization, causing a decrease in voltage. In Compare Example 4, the nb width •fj^^ 
was greater than that of Example 1 , so the reaction polarization was promoted at larger area of the catalyst layer, 
resultinq in a decrease in voltage as described above. 

[00951 The voltage of the cell of Comparative Example 5 was low even at the early stage of the operation, and he 
operation was stopped due to abnormal heat generation after the lapse of 100 hours of operation. The reason of he 
abnormal heat generation is as follows. Since the rib width of the separator plate was narrow, ^surface ^ssure 
was applied on the MEA, and due to creep, cross leakage occurred from minutes holes of the electrolyte membrane, 

the separator plate and causing the gas flow channel to have appropriate dimensions rt ,s possible to suppress he 
flooding in the electrode while retaining good gas diffusibility and steam permeability. This makes .t possible to provide 
an electrode and a fuel cell having high operation performance and reliability. „ otQK «t 
ra097] As described above, the present invention makes it possible to evenly suppty the reaction gas to the ^ catalys 
15 of the catalyst layer and promptly discharge excessive water generated therein by TrZn per 

and the dimensions of the gas flow channel. Therefore , it is possible to real.ze a fuel cell havmg h.gh operation per 

SrA^ invention has been described in terms of the presently preferred embodiments, It Is to 

be understood that such disclosure is not to be interpreted as limiting. Various alterations and mod.f.ca*ons i wiM no 
20 doubt become apparent to those skilled in the art to which the present invention pertams, after havmg read the above 
disclosure. Accordingly, it is intended that the appended claims be interpreted as covering a.l alterations and mod*,- 
cations as fall within the true spirit and scope of the invention. 

25 Claims 

1 A fuel cell comprising: a polymer electrolyte membrane; an anode and a cathode sandwiching the polymer elec- 
' tm Vte membrane; and an anode-side separator plate and a cathode-side separator plate sandw.ch.ng the anode 
and the cathode, the anode-side separator plate having a gas flow channel for suppling a fuel gas to , ft. .anode. 
30 the cathode-side separator plate having a gas flow channel for supplying an oxidant gas to the cathode, wherein 

each of the anode and the cathode comprises a catalyst layer and a gas diffusion layer the gas diffusion .layer 
comprises a first section having a surface A that comes in direct contact with the anode-sjde or cat hode-s.de 
separator plate and a second section having a surface B that faces the gas flow channel of the anode-s.de or 
cathode-side separator plate, the porosity of the first section is lower than the porosity of the second sectran, and 
35 the second section protrudes into the gas flow channel. 

2. The fuel cell in accordance with claim 1 . wherein the ratio of the porosity of the first section of the gas diffusion 
layer to the porosity of the second section is 0.20 to 0.85. 

3. The fuel cell in accordance with claim 1 , wherein the second section of the gas diffusion layer protrudes into the 
gas flow channel by 0.10 to 0.25 mm. 

4. The fuel cell in accordance with claim 2, wherein the second section of the gas diffusion layer protrudes into the 
gas flow channel by 0.10 to 0.25 mm. 

The fuel cell in accordance with claim 1 . wherein the gas flow channel has a width of 1 .0 to 2.0 mm and a depth 
of 1 .0 to 2.0 mm, and a rib formed by the gas flow channel has a width of 0.5 to 1 .0 mm. 

6 The fuel cell in accordance with claim 2, wherein the gas flow channel has a width of 1 .0 to 2.0 mm and a depth 
so of 1 .0 to 2.0 mm, and a rib formed by the gas flow channel has a width of 0.5 to 1 .0 mm. 

7 The fuel cell in accordance with claim 3, wherein the gas flow channel has a width of 1 .0 to 2.0 mm and a depth 
of 1 .0 to 2.0 mm, and a rib formed by the gas flow channel has a width of 0.5 to 1 .0 mm. 

8 The fuel cell in accordance with claim 4, wherein the gas flow channel has a width of 1 .0 to 2.0 mm and a depth 
of 1 .0 to 2.0 mm. and a rib formed by the gas flow channel has a width of 0.5 to 1 .0 mm. 
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